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Abstract: Objective: Experimental activities in laboratories are an important part in teaching and learning chemistry. 
Nevertheless, its implementation may be limited by the lack of material, instrument and above all the risk involved in doing so in 
the laboratory. Not only because of the cost of the reagents, but also because of the safety of the students in the classroom. That is 
why the use of simple micro-scale experiments turns out to be a benefit for the teaching of chemistry to high school students. 
Methods: Micro-scale practices also facilitate the implantation of constructivist laboratory practices, presented as small 
investigations, displacing traditional laboratory practices. The design of practices from a constructivist approach allows working 
all or some aspects of the scientific method. A constructivist methodology will increase the student’s interest in the subject and 
bring them closer to the scientific method, which will provoke the development of their observation capacity, the ability to make 
hypotheses, the skill in the design of experimental setups, discussing results, drawing conclusions and relating empirical data to 
theoretical principles. In contrast, traditional practices are usually prescription-type practices completely lack the scientific 
method. Since there are numerous difficulties in implementing practices with a constructivist methodology, both methods may be 
considered according to the space, time, and materials possibilities. Conclusion: The micro-scale experiments is useful for 
different reasons: reduces chemical use by promoting waste reduction of the source, save money, improves safety, may be carry 
out in class and sometimes at home, decreases experiment time and student carry out the experiments by themselves which is 
important for a significant learning. 
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1. Introduction 
For the last years, a micro-scale chemistry has become 
important as a part of chemistry that develops experiences for 
having a low cost, risk of danger in the manipulation of 
laboratory material and easy work in the classroom. [1-8] And 
so much this favors a didactic innovation on the part of the 
teacher and the development of the creativity of the pupil 
when participating in the construction of the same of the work 
of laboratory. [9] One of them could be the use of materials 
low cost, meaning homemade materials, recycled materials 
and others that can be purchased at affordable prices in 
conventional shops or through the internet. This could 
partially alleviate the shortage of laboratory equipment and 
make it easy to take it to carry out a greater number of 
experimental works. [10-16] Science teaching has been 
enriched with advances in cognitive psychology and 
epistemology, giving rise to the constructivist paradigm. 
[17-22] Micro-scale practices also facilitate the implantation 
of constructivist laboratory practices, presented as small 
investigations, displacing traditional laboratory practices. The 
design of practices from a constructivist approach allows 
working all or some aspects of the scientific method. A 
constructivist methodology will increase the student’s interest 
in the subject and bring them closer to the scientific method, 
which will provoke the development of their observation 
capacity, the ability to make hypotheses, the skill in the design 
of experimental setups, discussing results, drawing 
conclusions and relating empirical data to theoretical 
129 Sheila Ruiz Botella and Susana Ibáñez:  Micro-scale Experiments in the Increasingly Fashionable Laboratory in   
High Schools 
principles. In contrast, traditional practices are usually 
prescription-type practices completely lack the scientific 
method. Since there are numerous difficulties in implementing 
practices with a constructivist methodology, both methods 
may be considered according to the space, time, and materials 
possibilities. 
The use of these materials to present the science to students 
(and, to the public, in general) is not new: already appears in 
Gaston's first publications Tissandier, [23] in whose 
“RecreacionesCientífícas” (around 1880) shows a large 
collection of physics experiments and of chemistry that can be 
executed using "cups, bottles..., and other insignificant objects 
that all the world can find at hand." The availability of the 
necessary reagents to carry these experiments is also another 
factor in especially if we limit ourselves to the substances that 
we found in the homemade medicine cabinet (alcohol, 
oxygenated water or iodine), or to which we can obtain from 
some food products (vinegar, oil, bicarbonate, salt, sugar, red 
cabbage, fruits, etc.), from cleaning products for the home 
(salfuman, concentrated vinegar, caustic soda, bleach, 
ammonia cleaner, laundry bleach, etc.), of products that can be 
purchased in hypermarkets and hardware (batteries, steel wool, 
galvanized screws, gas for refilling lighters, fertilizers, 
fungicides, products to control the pH of the pool water, etc.) 
and pharmacies (30 % oxygenated water, tablets of iodide 
potassium, of vitamin C, etc.). [24-27] 
It is impossible to forget the health crisis that Covid-19 has 
provoked. Due to this pandemic, many classes have been 
suspended, which has led to move classes or laboratories from 
school to our homes. Microscale chemistry help us front this 
difficult situation since most of these practices may be carried 
out at home. The practices that have been designed and 
described below have been designed to develop students 
‘skills using easily accessible resources. The proposed 
experiments can be used as practical activities of a qualitative 
or quantitative nature. For example, chemical reactions are 
endothermic or exothermic, as the reaction of decomposition, 
oxidation-reduction, combustion or acid-base or 
neutralization. 
Decomposition reaction is a chemical reaction in which a 
substance separates into two, or more, less complex 
substances, usually by the action of heat, light and/or 
electricity. The oxidation-reduction reaction is one in which 
the oxidation states of an atom are changed. These reactions 
are characterized by the transfer of electrons between 
chemical species. Combustion reaction is a rapid oxidation 
reaction, which is usually accompanied by heat and light. 
Acid-base or neutralization reaction, to understand what 
happens in this type of reaction we must understand that it is 
an acid and a base. Arrehenius formulated the first definitions 
of acid and base from the theory of ionic dissociation. An acid 
is any substance that, in aqueous solution, dissociates 
generating protons, H+ and a base is any substance that in 
aqueous solution dissociates generating hydroxides. But as we 
measure the degree of acidity or basicity of a substance. By 
means of the well-known pH scale. The pH scale allows us to 
know the degree of acidity or basicity of a given substance. 
The scale goes from 1 to 14. If the pH is less than 7, the 
substance is acidic. If it is equal to 7 the substance is neutral. If 
it is greater than 7 the substance is basic. The acid-base 
indicators have a different coloring depending on the pH 
medium. A neutralization reaction is one in which an acid reacts 
with a base, forming a salt and water, obtaining a pH of 7. 
And as a conclusion, during a chemical reaction heat is 
emitted or absorbed, usually in the form of heat, light and/or 
electricity. A reaction in which energy is released is called 
exothermic and if energy is absorbed it is endothermic. 
2. Materials and Experiments 
The aim of this practice is to understand the concept of 
chemical reaction by studying various types of reactions by 
means of simple and micro-scale tests; analyzing the capacity 
of one compound for oxidize or reduce and the acid or basic 
nature of them, measuring and understanding the pH scale and 
interpreting acid-base reactions and their reversibility. The 
materials, substances and reagents are shown in Table 1. 
Table 1. Description of the material and reagents used in practice. 
Materials 
latex gloves plastic-coated paper 
safety glasses stirring rod 
laboratory notebook plastic pipette 
2 small bottles pH paper 
4 small beakers  
 
Substances and Reagents 
Water coke 
CuSO4 solution bleach 
aluminum foil vinegar 
NaHCO3 and HCl solutions (0.5M) saliva 
red cabbage extract (indicator) NaCl 
Students can do these practices as if it were a game. First, it 
would be interesting if they would make a prediction of what 
they think is happening (type of reaction, expected colour 
changes). Later, students may check it out and contrast their 
observations with their prediction. Finally, they should try to 
find out exactly how and why this has happened. 
3. Result 
Let us start with Test 1.0 (Figure 1), it explains how Cu is 
obtained instead of Cu2O in the reaction of CuSO4 with Al. 
The steps are the following: 
1. Dissolve the CuSO4 in water (one solution for the whole 
class). 
2. Follow the steps outlined in the plastic file attached to the 
practice (Figure 2). 
3. Write down your observations and explain what 
information they give you. 
Test 1.0, experiment to redox reaction of aluminum foil 
with salt of cupper (II) 
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Figure 1. Before (left), during the process (middle) and after (right) making 
the experiments of Test 1.0. 
If we add a copper (II) sulphate solution to a piece of 
aluminum foil, nothing happens, but if we add sodium 
chloride, a chemical reaction of displacement and redox takes 
place, in which the aluminum oxidizes and the copper is 
reduced. In addition, another reaction takes place in which 
hydrogen is displaced from the water, releasing the hydrogen 
gas in the form of bubbles. Sodium chloride and copper 
sulphate act as catalysts. 
Let us starts with test 1.1 (Figure 4). This test might be done 
at home. Some of the questions that help to students’ 
predictions are the following: which is the acidic or basic 
nature of bicarbonate? And the acidulant? 
1. Dissolve the bicarbonate in water (one solution for the 
whole class). 
2. Dissolve the acidulant (one solution for the entire class). 
3. Follow the steps outlined in the plastic file attached to the 
practice (Figure 3). 
4. Write down your observations and explain what 
information they give you. 
 
Figure 2. Picture of red cabbage. 
The red cabbage extract is a natural indicator as it contains a 
substance called anthocyanin. Anthocyanins are water-soluble 
pigments found in the vacuoles of plant cells that give red, 
purple, or blue color to leaves, flowers and fruits. 
Anthocyanins are found in many dark fruits (such as blue 
and black raspberries, blackberries, cherries, plums, 
blueberries, blue and black grapes) and many vegetables. 
According to the pH, its color is given by the hydroxyl groups 
of the phenolic rings and the benzopyril, so that in an acidic 
medium (with a pH of less than 5) it takes on a reddish 
coloring, while in an alkaline medium (with a pH of more than 
7) it takes on a purple coloring. [28] 
 
Figure 3. Materials and substances with reagents from de Test 1.1. 
Test 1.1, experiments to determine the color of acidity or 
basicity of red cabbage extract 
 
 
Figure 4. Before(up) and after(down) making the experiments of Test 1.1. 
It is observed that the red cabbage extract in acid pH is pink 
color and in basic pH is blue. They can be compared with the 
colors observed by adding a drop of HCl (acidulant) or 
NaHCO3 (bicarbonate) on the pH paper, which is our 
reference. 
In the test 1.2 (see Figure 5) and test 1.3 (see Figure 6) the 
question and procedure for students is: which is the pH of 
bleach, vinegar, coke, or saliva? Are they acid or bases? 
Students can add any other solution to the list. 
1. Follow the steps outline for test 1.2 and 1.3. 
2. Write down your observations and explain what 
information they give you. 
3. What pH has the solutions and mixtures? Use the pH 
paper to be more precise. 
131 Sheila Ruiz Botella and Susana Ibáñez:  Micro-scale Experiments in the Increasingly Fashionable Laboratory in   
High Schools 
Test 1.2, experiments to determine the acidity or basicity of 
bleach or vinegar. 
 
 
Figure 5. Before (up) and after (down) making the experiments of Test 1.2. 
In Test 1.2 (see Figure 5), in all cases a drop of red cabbage 
extract is added first. In the case of the top row, a bleach drop 
is added first, and the drop becomes a little light blue. Then in 
step 3 a drop of vinegar is added, and it becomes more 
colourless and in step 4 another drops of bleach, it becomes 
bluer. In summary we have gone from a basic light pH to a 
neutral and then back to basic. 
In the case that after adding the first drop of red cabbage 
extract a drop of vinegar is added (see figure 5, the bottom row) 
the drop turns pink, because is an acidic substance, the next 
step is to add a drop of bleach, the drop becomes more 
colourless and finally a drop of vinegar the drop turns pink 
again. In short, we have gone from an acidic pH to a neutral 
pH and then acid again, showing the reversible nature of 
acid-base reaction. 
Test 1.3, experiments to determine the acidity or basicity of 
coke or saliva. 
 
 
Figure 6. Before (up) and after (down) making the experiments of Test 1.3. 
In test 1.3, in all cases a drop of red cabbage extract is added 
first. In the case of the top row, a coke drop is added first, and the 
drop becomes a dark red, a little brown. Then in step 3 a drop of 
saliva is added, and it becomes more colourless and in step 4 
another drops of coke, it becomes dark red. In summary we have 
gone from an acidic pH to a neutral pH and then acid again. 
In the case that after adding the first drop of red cabbage 
extract a drop of saliva is added (see Figure 6, the row below) the 
drop turns blue, because, we are at a basic pH, the next step is to 
add a drop of coke, the drop becomes more colourless and finally 
a drop of saliva the drop turns clear blue again. In short, we have 
gone from a basic pH to a neutral pH and then basic again. 
As can be seen in these texts, depending on the nature of the 
agent you add, the drop of the natural extract, i.e. in our case of 
red cabbage, will change colour from pink to blue depending on 
its pH. 
4. Conclusion 
The micro-scale experiments is useful for different reasons: 
reduces chemical use by promoting waste reduction of the 
source, save money, improves safety, may be carry out in class 
and sometimes at home, decreases experiment time and 
student carry out the experiments by themselves which is 
important for a significant learning. But above all, the main 
advantage of working with these materials is that the teachers 
and our students end up understanding that it is not necessary 
to have much material to expose the principles of chemistry. 
We have the possibility to learn the principles of this subject 
by using not only small quantities of reagents but also 
everyday tools and substances. Chemistry is around us, 
therefore, it is our responsibility make it easy. 
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